Periodontitis is characterized by alveolar bone resorption and loss of attachment. Recently, many induced periodontitis animal models have been developed to mimic alveolar bone resorption, but each model has a number of disadvantages. Periodontitis-inducing procedures should be simple and reproducible. Therefore, with the aim of establishing an experimental mouse model of periodontitis, we induced subgingival plaque accumulation in eight-week-old male C57BL/6 wild-type mice by placing an orthodontic ligature wire around the contact point between the left maxillary first and second molars. Maxillae were collected at four and eight weeks after ligature placement, and alveolar bone between the left molars (test maxillae) was compared with that between the right molars (control maxillae). Micro-computed tomography and pathological analysis were then performed to examine the degree of alveolar bone resorption. Alveolar bone resorption was significant in the test maxillae compared with the controls. In addition, the ligature wire was not found to affect the periodontal tissue. The induction of alveolar bone resorption was likely due to the direct mechanical impact (mechanical irritation of gingiva) of the wire ligature. These findings suggest that placement of the ligature wire around the contact point between teeth successfully induced alveolar bone resorption. Furthermore, use of the ligature wire removed the need to induce alveolar bone resorption by using an impacted wire ligature to create mechanical stress. Therefore, the present report provides a new animal model of periodontitis.
Introduction
In recent years, a growing number of middle-aged and advanced-age adults with difficulty in brush like crowding case have opted for orthodontic treatment as a preventive therapy for periodontitis resulting from the accumulation of food residues.
However, in many of these patients, the periodontium has already deteriorated due to periodontal disease. Despite the necessity of preventing alveolar bone resorption in such patients, no practical means of inhibition is available, so experimental models of periodontitis play a pivotal role in the development of inhibitors of alveolar bone resorption in periodontitis. Several studies have reported periodontitis in experimental animals and have focused on induction of periodontitis by persistent bacterial challenge via repeated administration of bacteria, bacterial components, or bacterial products (oral gavage model) [1] [2] [3] [4] [5] [6] or creation of a subgingival environment prone to food impaction by using modifying devices, such as cotton ligatures [7] [8] [9] [10] [11] [12] . However, many of these experimental models have disadvantages when establishing induced periodontitis. The oral gavage model changes oral flora. The alteration of the endogenous flora may contribute to the disease process rather than the direct action of the bacteria. And the conventional ligature placing method, wherein ligatures are placed around a tooth crown, is associated with direct mechanical irritation on the gingiva. To address this disadvantage, we tested ligature placement at the contact point between teeth. We hypothesize that this experimental model could induced periodontitis caused by food impaction and avoid direct mechanical irritation of gingiva.
Materials and Methods

Experimental animals and reagents
C57BL/6 wild-type mice were purchased from CLEA Japan 
Micro-computed tomography
Maxillae were subjected to micro-computed tomography (CT) using a R_mCT system (Rigaku Corporation, Tokyo, Japan) after collection at each time point. An X-ray of the maxilla was taken at 90 kv and 88 μA for 2 min. The degree of alveolar bone resorption was analyzed according to the method reported by Park et al. 13) , with modification. Briefly, alveolar bone volume between M1 and M2 was measured using TRI/3D-BON software (Ratoc System Engineering Co., Ltd, Tokyo, Japan). The total alveolar bone space was defined as the space with a height from the cementoenamel junction line to the root apex line. The ratio of the remaining alveolar bone was calculated by dividing its volume by the total alveolar bone volume (Fig. 2) , and the ratio of the remaining alveolar bone between the left M1 and M2 (test maxillae) was compared with that in the right maxilla (control maxillae).
Pathological analysis
Collected maxillae were fixed in 10% neutral buffered formalin and decalcified in 10% EDTA (pH 7.2) at 4 °C for approximately four weeks. Paraffin blocks were prepared according to the standard method and cut into 5m-thick mesiodistal serial sections. After that, there were stained with hematoxylin-eosin (HE).
Statistical analysis
Data are expressed as mean ± standard deviation values. Statistical significance was assessed using Mann Whitney test.
Results
Micro CT findings and changes in the ratio of remaining alveolar bone
Micro CT showed gradual alveolar bone resorption during the test period in the test maxillae, but no marked resorption was observed in the controls (Fig. 3 a-f) , and more, the ligatures were placed contactpoints and their didn't touch gingiva. The ratio of remaining alveolar bone was significantly lower at four weeks (p < 0.01) and eight weeks (p < 0.01) after ligature placement ( Fig.   4 ), suggesting significant alveolar bone resorption in response to thickening of the cornified layer of the gingiva was absent, and no abnormalities were found in the periodontium at either time point (Fig. 5 a-c) . On the other hand, in the test maxillae, signs of gingivitis, such as infiltration of inflammatory cells and thickening J.Hard Tissue Biology Vol. 23 (2) : [255] [256] [257] [258] [259] [260] 2014 of the cornified layer, were observed with attachment loss and bone resorption at both time points, but these signs were particularly prominent at eight weeks after ligature placement ( Fig.  5-f ). High-magnification images showed no signs of inflammation in the control maxillae. More precisely, the alveolar bone was surrounded by fibroblasts, and the periodontal ligament exhibited regular fiber orientation ( Fig. 5 g-i) . On the other hand, infiltration of inflammatory cells (mainly neutrophils), apical elongation of junctional eptheliums and dilated capillaries were observed in the test maxillae at both four weeks and eight weeks after ligature placement. Furthermore, destruction of gingival fibers were observed in it at eight weeks after the experiment (Fig. 5 j-l) .
Discussion
At present, experimental periodontitis is often induced by simulating plaque retentive conditions, for example, by placing plaque retentive cotton ligatures around the tooth crown 14) . We previously attempted placement of an orthodontic ligature wire around the crown of a left maxillary first molar to induce periodontitis. However, the wire slid and encroached on the gingiva, probably because the crown of the mouse molar is funnelshaped, suggesting that direct stimulation by the wire contributed to the induction of bone resorption. Similar mechanical stimulation might have played a role in the study reported by Jin et al. who induced periodontitis by placing cotton ligatures in the gingival sulcus 14) . Yoshinari et al. attempted placement of a loose cotton ligature between the right maxillary first and second molars for nine weeks 15) . However, in their model, the loose ligature might have pushed the gingiva while the ligature was settling during the experimental period, which, in addition to food impaction, might have caused periodontitis directly 15) . Thus, in the present study, we attempted a new means of ligature placement that comprised tying the ligature around the contact point between the first and second molars. This method successfully retained the ligature in place, thereby preventing direct ligature-gingiva contact and resulting mechanical stimulation. Furthermore, we believe that this method impairs the self-clearing function and that captured food residues caused inflammation and induced experimental periodontitis. Moreover, because of the small diameter and good fit of the wire with the contact point, it is unlikely that the wire added to the orthodontic force. But our study is noteworthy as 80% of the placed ligature wires remained at their original contact point, implying high potential for reproducibility.
Xie et al. 16) and Jin et al. 14) showed ligature model, but our model different from their models. Jin et al. 14) described that ligatures displaced apically into the gingival sulci to ensure a subgingival position. But our experimental period the ligatures were placed contactpoints and their didn't touch gingiva.
Many factors, including administration of agents, will be assessed in further research on periodontitis treatment.
Experimental periodontitis should be induced in a simple and reproducible manner, otherwise the experimental model itself will become unreliable, threatening the credibility of study findings. The present method involves a single step tying a ligature wire around the contact point between the first and second molars which can avoid direct injury and is thus an effective model for studying the pathology of periodontitis induced by food impaction.
